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(54) Motor/Generator 



(57) A rotor (2) of a motor is fixed to a rotation shaft 
(9) and a stator (5) is disposed on the outer side. The 
stator (5) is provided with a plurality of slots (6) opening 
towards an outer periphery of the rotor (2). The openings 
of each slot (6) facing the outer periphery of the rotor (2) 
is closed by a cover (14). A first cooling liquid chamber 
(12) is formed facing the opening of the slots (6) on one 
end face of the stator (5). A second cooling liquid cham- 
ber (13) is formed facing the opening of the slots (6) on 
another end face of the stator (5). A supply port (16) of 
cooling liquid is provided in the first cooling chamber 
(12) and cooling liquid supplied from the supply port (1 7) 
to the first cooling liquid chamber ( 1 2) flows into the sec- 
ond cooling liquid chamber (13) through the slots (6). 
Coils (8) disposed on each slot (6) are efficiently and 
evenly cooled by the provision of members (21 A, 21 B, 
22) that evenly distribute cooling liquid supplied from the 
supply port (1 7) to the respective slots (16). 
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Description 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIELD OF THE INVENTION 

[0001] This invention relates to a cooling mechanism 
for a stator coil of a motor /generator. 

BACKGROUND OF THE INVENTION 

[0002J Tokkai Sho 53-95207 published by the Japa- 
nese Patent Office in 1978 and Japanese Patent 
271 6586 issued by the Japanese Patent Office in 1 997 
disclose a cooling mechanism for a synchronous motor 
that has a stator provided with a plurality of coils and 
disposed about a rotor. When the coils are provided with 
an alternating current with a fixed phase difference, a 
rotating magnetic field is formed to rotate the rotor. Dur- 
ing this operation , the cores onto which the coils are 
wound generate heat. In order to perform cooling of the 
coils and cores, the cooling mechanism according to the 
prior arts provides a cooling medium into slots formed 
in the stator to accommodate the coils. 

SUMMARY OF THE INVENTION 

[0003] In order to even out the temperature of the 
coils, it is necessary to distribute the cooling medium 
evenly to the respective slots. However, the cooling 
mechanism according to the prior arts does not have 
such a function. 

[0004] It is therefore an object of this invention to ac- 
complish even cooling of the stator coils. 
[0005] In order to achieve the above object, this in- 
vention provides a motor/generator comprising rotation 
shaft, a rotor fixed to the rotation shaft and provided with 
a magnet, and a cylindrical stator having both end faces 
orthogonally disposed with respect to the rotation shaft. 
The stator has a plurality of slots and coils are disposed 
on an inner side of the slots. Each slot has a first opening 
facing an outer periphery of the rotor a second opening 
formed on one end face of the stator and a third opening 
formed on the other end face of the stator The motor/ 
generator further comprises covers closing the first 
openings of the slots, a first cooling liquid chamber fac- 
ing the second openings of the slots and a second cool- 
ing liquid chamber facing the third openings of the slots. 
The first cooling liquid chamber has a supply port of 
cooling liquid and an equalizing member equalizing a 
distribution of cooling liquid from the supply port to each 
slot. The slots are functioning to form a flow of cooling 
liquid between the first liquid cooling chamber and the 
second liquid cooling chamber. 

[0006] The details as well as other features and ad- 
vantages of this invention are set forth in the remainder 
of the specification and are shown in the accompanying 
drawings. 



[0007] Fig. 1 is a longitudinal sectional view of a motor 
according to this invention. 
5 [0008] Fig. 2 is a sectional view of the motor taken 
along the line ll-ll in Fig. 1. 

[0009] Fig. 3 is a sectional view of the line Ill-Ill in Fig. 
1. 

[0010] Fig. 4 is a sectional view of the motor taken 
10 along the line IV-IV in Fig. 1 . 

[001 1 ] Fig. 5 is a diagram describing the flow of cool- 
ing liquid in the motor. 

[001 2] Fig. 6 is similar to Fig. 1 , but showing a second 
embodiment of this invention. 
'5 [001 3] Fig. 7 is a sectional view of the motor according 
to the second embodiment of this invention taken along 
the line VII-VII in Fig. 6. 

[001 4] Fig. 8 is a sectional view of the motor according 
to the second embodiment of this invention taken along 

20 the line VIII VIII in Fig. 6. 

[001 5] Fig. 9 is a diagram describing the relationship 
of an angular position of a stator and a thickness f of a 
volume regulation member according to the second em- 
bodiment of this invention. 

25 [001 6] Fig. 1 0 is a diagram describing the flow of cool- 
ing liquid in the motor according to a third embodiment 
of this invention. 

[001 7] Fig. 1 1 is similar to Fig. 1 , but showing the third 
embodiment of this invention. 
30 [001 8] Fig. 1 2 is a sectional view of the motor accord- 
ing to the third embodiment of this invention taken along 
the line Xll-Xil in Fig. 11. 

[001 9] Fig. 1 3 is a sectional view of the motor accord- 
ing to the third embodiment of this invention taken along 
35 the line XIII-XIII in Fig. 11. 

[0020] Fig. 14 is a partial cross sectional view of the 
motor according to the third embodiment of this inven- 
tion taken along the line XIV-XIV in Fig. 12 and Fig. 13. 

40 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021 ] Referring to Fig. 1 of the drawings, a motor ac- 
cording to this invention is provided with a case 1 formed 
45 from a cylindrical member 1A and end plates 1B, 1C 
closing both ends thereof. 

[0022] A rotor 2 and a stator 5 are housed in the case 
1. 

[0023] The rotor 2 is provided with a rotation shaft 9. 
50 The rotation shaft 9 is supported to rotate freely on side 
plates 1 B, 1 C through bearings 3. The rotor 2 is provided 
with a plurality of magnets 4 that are disposed in prox- 
imity to its outer peripheral surface at equal angular in- 
tervals. 

55 [0024] The stator 5 comprises iron plates laminated 
in the direction of the rotation shaft 9. The inner periph- 
eral surface of the stator 5 faces the outer peripheral 
surface of the rotor 2 while maintaining a fixed interval. 



2 



3 

[0025] Referring now to Figs. 2, 3 and 4, slots 6 are 
provided at equal angular intervals on an inner periph- 
eral surface of the stator 5. The wall faces of the slots 6 
are respectively covered by insulating paper 7. The sta- 
tor 5 forms cores 5A between adjacent slots 6 and winds 
coils 8 onto cores 5A. When a current is passed through 
the coils 8, a rotating magnetic field is formed which has 
a number of magnetic poles which is equal to the 
number of magnets 4 on the rotor 2. The rotating mag- 
netic field drives the rotor 2 synchronously. The rotation- 
al force of the rotor 2 is transmitted to outer components 
by the rotation shaft 9. An opening facing the rotor 2 of 
the slot 6 is closed by a plate-shaped cover 1 4 as shown 
in Fig, 3. This opening may be referred to as a first open- 
ing. A seal member is provided between the cover 14 
and cores 5A on both sides thereof and maintains a tight 
seal in the slots 6. 

[0026] Referring again to Fig. 1 , ring-shaped oil jack- 
ets 10,11 are mounted on both end faces of the stator 5. 
[0027] Oil chambers 1 2, 1 3 communicating with each 
slot 6 are formed on an inner part of the oil jackets 10, 
1 1 . The cover 1 4 referred to above extends in the direc- 
tion of the rotation shaft 9 and both ends thereof are 
fixed to the inner peripheral part 1 0A, 1 1 A of the oil jack- 
et 1 0, 11 . The cover 1 4 and oil jackets 1 0, 1 1 are formed 
from a member with a high degree of insulating proper- 
ties such as resin. Seals are respectively disposed on 
the connecting parts of the inner peripheral parts 10A, 
11 A with both ends of the cover 14 and the contacting 
parts of the oil jackets 10,11 with both ends of the stator 
5 in order to maintain a tight seal of the oil chambers 12, 
13. The opening of each slot (6) facing the oil chamber 
1 2 may be referred to as a second opening. The opening 
of each slot (6) facing the oil chamber 13 may be re- 
ferred to as a third opening 

[0028] This structure allows the formation of a cooling 
passage 1 5 inside each slot 6 which has an equal cross 
sectional area and which communicates with the oil 
chambers 12, 13. 

[0029] An oil supply port 1 6 is formed in the oil cham- 
ber 12 as shown in Fig. 2. The oil supply port 16 passes 
through the cylindrical member 1 A of the case 1 , opens 
on an outer side of the case 1 and leads cooling oil sup- 
plied from a pump disposed outside of the case 1 to the 
oil chamber 12. 

[0030] An oil discharge port 17 is formed in the oil 
chamber 1 3 as shown in Fig. 4. The oil supply port 1 7 
passes through the cylindrical member 1A of the case 
1 , opens on an outer side of the case 1 and discharges 
cooling oil in the oil chamber 1 3 into a reservoir provided 
outside of the case 1. An insulating oil is used for the 
cooling oil. 

[0031] Upper partitions 21 A and lower partitions 21 B 
are provided in the oil chamber 12 as shown in Fig. 2. 
Upper partitions 21 A are provided at equal angular in- 
tervals on an upper part of the oil chamber 12. Lower 
partitions 21 B are provided at equal angular intervals on 
a lower part of the oil chamber 12. The upper partition 
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21 A extends radially from a wall face on an inner periph- 
ery of the oil jacket 1 0. The lower partition 21 B extends 
towards the center from a wall face on an outer periph- 
ery of the oil jacket 10. 

5 [0032] A fixed interval is provided between the upper 
partition 21 A and the outer periphery of the oil jacket 10. 
An interval which is smaller than.the interval above is 
provided between the lower partition 21 B and the inner 
periphery of the oil jacket 10. 

10 [0033] As shown in Fig. 1 , the surface area of the low- 
er partition 21 B is greater than that of the upper partition 
21 A. 

[0034] The relationship of the respective surface are- 
as allows the lower partitions 21 B to have a greater re- 
'5 sistance than the upper partitions 21 A with respect to 
the cooling oil passing through the oil chamber 12. The 
significance of this fact is explained below. 
[0035] Due to the fact that the distance traveled by oil 
from the oil supply port 16 to each cooling passage 15 
differs, the amount of cooling oil in the cooling passage 
15 is not equal even if the surface area of all cooling 
passages 1 5 is set to be equal. That is to say, since cool- 
ing oil is collected on the bottom of the oil chamber 12, 
the flow amount of cooling oil is larger the lower the po- 
sition of the cooling passage 15. 
[0036] The partitions 21 A, 21 B increase the inflow 
amount of cooling oil into the cooling passages 1 5 which 
open onto the upper part of the oil chamber 12and thus 
equalize the distribution of cooling oil into each cooling 
passage 15 as shown in Fig. 5. In this manner, equiva- 
lent cooling of the coils 8 is performed by equalizing the 
distribution of cooling oil into each cooling passage 1 5. 
The cooling oil in the cooling passages 15 has a higher 
cooling efficiency due to direct contact with the coils 8. 
[0037] The use of the inner part of the slot 6 as a cool- 
ing passage 15 removes the necessity to form a new 
passages on an inner part of the stator 5. Thus it is pos- 
sible to perform highly-efficient and even cooling of the 
coils 8 with a simple structure. 

[0038] A second embodiment of this invention will be 
described with reference to Figs. 6-9. 
[0039] In this embodiment, a three -phase current 
formed from phases U, V, W is supplied with a fixed 
phase difference to the coils 8. For this reason, cables 
are led to each coil 8 from the outside and are connected 
to each coil 8 through the inner part of the oil chamber 
12. 

[0040] These cables pass through the wail face of the 
cylindrical member 1A from the upper part of the case 
1 as shown in Fig. 7 and exit the outer side of the case 
1 . As a result, the cables are concentrated in an upper 
space in the oil chamber 1 2 which increases the flow 
resistance of cooling oil in the upper part of the oil cham- 
ber 12. 

[0041 ] In this embodiment, a volume regulation mem- 
ber 22 is provided in the oil chamber 1 2 on the-inner side 
of the oil jacket 1 0. The volume regulation member 22 
is formed to an arc shape as shown in Fig. 8. When the 
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top of the oil chamber 12 is taken to be 0 degrees.the 
volume regulation member 22 exists in a range from 45 
degrees to 315 degrees. Furthermore the surface area 
of the cross section of the volume regulation member 
22_. that is to say, the thickness t of the member varies 
gradually in a peripheral direction. As shown in Fig. 9, 
the thickness f of the member has a maximum thickness 
f, at 180 degrees at the lowermost position of the oil 
chamber 12. The thickness t of the member is zero at 
the 45 degrees and 315 degrees which correspond to 
both ends of the volume regulation member 22. The 
thickness t varies gradually between maximum thick- 
ness t i and zero according to the angular position of the 
sections of the volume regulation member 22. 
[0042] The oil chamber 12 is locally narrowed due to 
the current-supply cables for the coils 8. However, by 
disposing the volume regulation member 22 in the oil 
chamber 12, it is possible to prevent an unequal distri- 
bution of cooling oil in the cooling passages 15 due to 
the disposition of the current-supply cables. 
[0043] It is also possible to perform a further precise 
regulation of the distribution of the cooling oil to the cool- 
ing passages 15 when this embodiment is combined 
with the partitions 21 A and 21 B of the first embodiment. 
[0044] A third embodiment of this invention will be de- 
scribed with reference to Figs. 10-14. 
[0045] In the first and second embodiments, cooling 
oil flows in one direction in each cooling passage 1 5 to- 
wards the oil chamber 13 from the oil chamber 12. A 
motor according to this embodiment, as shown in Fig. 
10, cooling oil forms reciprocal flow between the oil 
chambers 12 and 13 and flows downwardly in the cool- 
ing passages 15. 

[0046] An oil discharge port 1 7 is provided in the oil 
chamber 12 adjacent to the oil supply port 16. 
[0047] A boundary plate 23 is provided on the center 
of each slot 6 of the stator 5 as shown in Fig. 14. A full 
partition 24 and a semi-partition 25 are provided in the 
oil chamber 12 as shown in Fig. 12. The full partition 24 
and a semi-partition 25 are formed as a part of the 
boundary plates 23 at the end facing the oil chamber 1 2. 
The full partition 24 is a partition extending from the inner 
periphery to the outer periphery of the oil jacket 10. A 
space on both sides of the full partition 24 is completely 
isolated and prevents the flow of oil between respective 
spaces. The semi-partition 25 extends radially towards 
an outer side from the inner periphery of the oil jacket 
1 0 and completes a fixed interval remaining with respect 
to the outer periphery of the oil jacket 10. 
[0048] Oil in the oil chamber 12 flows over the semi- 
partition 25, however oil flow is prevented over the full 
partition 24. 

[0049] Referring now to Fig. 13, the interior of the oil 
chamber 13 is partitioned by a full partition 26 formed in 
the same manner as the full partition 24 and a semi- 
partition 27 formed in the same manner as the semi- 
partition 25. The full partition 26 and the semi-partition 
27 are formed as a part of the boundary plate 23 at the 



end facing the oil chamber 13. * 
[0050] Due to the above structure, the cooling pas- 
sages 15 are partitioned into the passages 15A-15L by 
the boundary plate 23. As shown in Fig. 13, since the 

5 passages on both sides of each coil 8 are mutually con- 
nected with each other in the oil chambers 12, 13, they 
are considered to be a part of one passage and are des- 
ignated by the same reference number. 
[0051] The disposition of the full partition 24 and the 

10 semi-partition 25 in the oil chamber 1 2 and the disposi- 
tion of the full partition 26 and the semi-partition 27 in 
the oil chamber 13 are arranged as follows. 
[0052] The full partitions 24 and 26 are formed on both 
ends of the boundary plate 23 which is positioned on the 

15 border of the passage 1 5A directly connected to the oil 
supply port 16 and the passage 15L directly connected 
to the oil discharge port 17. By this arrangement, the 
passages 15A and 15L are completely isolated. 
[0053] With respect to the other boundary plates 23, 

20 a semi-partition 27 is formed on another end of the 
boundary plate 23 which forms the full partition 24 on 
one end. A full partition 26 is formed on another end of 
the boundary plate 23 which forms the semi-partition 25 
on one end. 

25 [0054] As shown in Fig. 1 2, a space facing the oil sup- 
ply port 16 is partitioned by the full partition 24. In the 
same manner, a space facing the oil discharge port 17 
is partitioned by the full partition 24. Full partitions 24 
and semi-partitions 25 are alternatively disposed in the 

30 remaining space in the oil chamber 1 2. 

[0055] The above structure enables cooling oil sup- 
plied to the oil supply port 16 to undergo reciprocating 
flow between the oil chamber 12 and the oil chamber 13 
as shown in Fig. 10. Cooling oil flows through all the 

35 passages 15A-15L in the stator 5 and finally is dis- 
charged into the reservoir from the oil discharge port 1 7. 
[0056] Thus the flow amount of cooling oil in each pas- 
sage 15A-15L is completely equal. 
[0057] The above embodiment of this invention has 

40 been described as adapted to a motor. However it is 
possible to adapt this invention to a generator. Various 
methods of mounting the oil jackets 10 and 11 on the 
ends of the stator 5 may be considered. For example, it 
is possible to grip the oil jackets 10 and 11 by the case 

45 1 and the stator 5. 

[0058] It is possible to engage a cylindrical cover 
which covers the entire inner peripheral face of the sta- 
tor on the inner periphery of the stator 5 instead of pro- 
viding the separate plate-shaped covers 14 to close the 

50 slots 16. 

[0059] In the first and second embodiments, it is pos- 
sible to provide through holes through the cores 5A. The 
through holes communicate between adjacent cooling 
passages 15 in order to equalize the temperature of the 
55 cooling passages 15. 

[0060] It is possible to vary the flow amount of cooling 
oil in the cooling passages 15 in response to tempera- 
ture distributions when a temperature differential exists 
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between the cooling passages 1 5 due to an angular po- 
sition. 

[0061] The cooling passages 15 need not be formed 
in all slots 6, and it is possible to form cooling passages 
15 only in specified slots 6 which are liable to undergo s 
high temperatures. 

[0062] In the third embodiment, the_oil chambers 12 

and 13 allow oil flow only between adjacent passages. 

That is to say, in the oil chamber 13, the passage 15A 

is only connected with the passage 15B and in the oil 10 2. 

chamber 12, the passage 15B is only connected to the 

passage 15C. 

[0063] However it is possible to connect three or more 
passages at the same time by changing the position of 
the partitions 24, 25, 26, 27. For example, in the oil '5 3. 
chamber 12, the passages 15B, 15C, 15D are intercon- 
nected. In the oil chamber 13, the passages 15D, 15E, 
15F are interconnected. It is also possible to provide a 
plurality of oil supply ports 16 or oil discharge ports 17. 
[0064] In the claims below, the oil chamber 12 com- 20 
prises the first cooling liquid chamber and the oil cham- 
ber 13 comprises the second cooling liquid chamber. 
[0065] The contents of Tokugan Hei 11-326507, with 
a filing date of November 1 7, 1 999 in Japan, are hereby 
incorporated by reference. 25 
[0066] Although the invention has been described 4. 
above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 30 
in the art, in light of the above teachings. 
[0067] The embodiments of this invention in which an 
exclusive property or privilege is claimed are defined as 
follows: 5. 



Claims 



1 . A motor/generator (1 ) comprising: 



35 



40 



a rotation shaft (9); 

a rotor (2) fixed to the rotation shaft (9) and pro- 
vided with a magnet (4); 
a cylindrical stator (5) having both end faces or- 
thogonally disposed with respect to the rotation 45 
shaft (9), the stator (5) having a plurality of slots 
(6) : and coils (8) disposed on an inner side of 
the slots (6), each slot (6) having a first opening 
facing an outer periphery of the rotor (2). a sec- 
ond opening formed on one end face of the sta- s° 
tor (5) and a third opening formed on the other 
end face of the stator (5); 
covers (14) closing the first openings of the 
slots (6); 

a first cooling liquid chamber (12) facing the 55 
second openings of the slots (16); the first cool- 
ing liquid chamber (12) having a supply port of 
cooling liquid and an equalizing member (21 A, 



21 B, 22) equalizing a distribution of cooling liq- 
uid from the supply port (16) to each slot (6); 
and 

a second cooling liquid chamber (13) facing the 
third openings of the slots (6), the slots (6) func- 
tioning to form a flow of cooling liquid between 
the first liquid cooling chamber (12) and the 
second liquid cooling chamber (13). 

The motor/generator as defined in Claim 1 , wherein 
the equalizing member (21 A, 21 B, 22) comprises a 
partition (21 A, 21 B) partially limiting a flow of cool- 
ing liquid in the first cooling chamber (12). 

The motor/generator *as defined in Claim 2, where- 
in the first cooling chamber (12) comprises an upper 
part and a lower part, the partition (21 A, 21 B) com- 
prises an upper partition (21 A) partitioning the up- 
per part and a lower partition (21 B) partitioning the 
lower part, a cross sectional area of cooling liquid 
flow which passes through the lower partition (21 ) 
being set to be smaller than a cross sectional area 
of cooling liquid flow which passes through the up- 
per partition (21 A). 

The motor/generator as defined in Claim 1 . wherein 
the first cooling liquid chamber (12) is formed to a 
ring shape, the equalizing member (21 A, 21 B, 22) 
comprises a volume regulation member (22) which 
extends in a peripheral direction in the first cooling 
liquid chamber (12) and a cross sectional area in 
the peripheral direction. 

The motor/generator as defined in Claim 4, wherein 
the first cooling chamber (12) comprises an upper 
part and a lower part, the volume regulation mem- 
ber (22) is formed in a shape with which a volume 
of the lower part is smaller than a volume of the up- 
per part. 

The motor/generator as defined in Claim 5 : wherein 
a lead line (U,V,W) supplying a current to the coils 
(8) is arranged to pass through the upper part of the 
first cooling chamber (12). 



7. A motor/generator ( 1 ) comprising: 
a rotation shaft (9); 

a rotor (2) fixed to the rotation shaft (9) and pro- 
vided with a magnet (4); 
a cylindrical stator (5) having both end faces or- 
thogonally disposed with respect to the rotation 
shaft (9), the stator (5) having a plurality of slots 
(6), and coils (8) disposed on an inner side of 
the slots (6), each slot (6) having a first opening 
facing an outer periphery of the rotor (2), a sec- 
ond opening formed on one end face of the sta- 
tor (5) and a third opening formed on the other 
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end face of the stator (5); 

covers ( 1 4) closing the first openings of the sta- 
tor (5); 

a first cooling liquid chamber (12) facing the 
second openings of the slots (6), the first cool- 5 
ing chamber (12) comprising a first partition 
(24) which allows an intercommunication 
among slots (6) of a first group while preventing 
the slots (6) of the first group from communicat- 
ing with slots (6) of a second group; w 
a second cooling liquid chamber (13) facing the 
second openings of the slots (6), the second 
cooling chamber (13) comprising a second par- 
tition (26) which allows intercommunication 
among slots (6) of a third group while prevent- 15 
ing the slots (6) of the third group from commu- 
nicating with slots (6) that does not belong to 
the third group, the third group comprising one 
of the slots (6) of the first group and the slots 
(6) of the second group. 20 

8. The motor/generator as defined in Claim 7, wherein 
the first cooling liquid chamber (12) comprises a 
cooling liquid supply port (16) which introduces 
cooling liquid into the first cooling liquid chamber 25 
(12) and a cooling liquid discharge port (17) which 
discharges cooling liquid from the first cooling liquid 
chamber (12). 

9. The motor/generator as defined in Claim 7, wherein 30 
the stator (5) comprises, in each of the slots (6), a 
boundary plate (23) which extends in a direction of 

the rotation shaft (9) and separates the slot (6), the 
first partition (24) is formed as a part of a specific 
boundary plate (23) and the second partition (26) is 35 
formed as a part of a boundary plate (23).other than 
the specific boundary plate (23). 

10. The motor/generator as defined in Claim 7, wherein 

all the slots (6) are connected in series through the 40 
first cooling liquid chamber (12) and the second 
cooling liquid chamber (13). 
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